The dielectric properties of β-SiAlON and various cations doped α-SiAlON bulk ceramics prepared by a hot-press method were investigated. The dielectric properties (dielectric constant and tangent loss) were characterized by a post-resonator method (Hakki-Coleman method) at room temperature in the microwave frequency range. The effect of z-values about β-SiAlON was examined, and also the effects of various interstitial cations on dielectric properties of α-SiAlON were studied. Dielectric properties of α-SiAlON were compared with those of Si 3 N 4 and β-SiAlON and their relationship between the dielectric properties and the cationic species of SiAlON were discussed.
Introduction
SiAlON is a solid solution of Si 3 N 4 by partial substitution of Si and N elements with Al and O, respectively. SiAlON shows superior mechanical properties and high temperature stability compared to Si 3 N 4 , which enables SiAlON to be a promising material for high temperature structural applications such as metal extrusion dies, metal cutting tools and heat engines. SiAlON is also considered as a good candidate material for the microwave window application that requires low dielectric constant and dielectric loss. [1] [2] [3] [4] Hampshire et al. have reported that the thermal and mechanical properties for the glasses of Ln doped SiAlON (Ln = Y, Ce, Nd, Sm, Eu, Dy, Ho an d Er), generally appear to vary linearly with the cationic field strength (CFS) or ionic size of the rare-earth cations. [5] In addition, they have reported that the observed variation in Young's mod ulus of Ln doped SiAlON glasses (Ln = La, Ce, Gd, Eu, Dy, Er, Yb, and Y) with increasing CFS is quite significant and increases from 90 GPa for Eu to 160 GPa for the Yb-based glass composition. As a result, it indicates the existence of an increasing linear trend as the atomic number increases, with the exception of the Eu-ion. [6] Thus, mechanical and chemical properties of SiAlON have been widely studied from room temperature to high temperature, but there have been only limited reports on the microwave dielectric properties of SiAlON ceramics.
Dielectric measurement techniques at radio and microwave frequencies have been an important subject within a wide range of scientific and engineering applications. Conventionally, the measurements have been made in the frequency domain using cavity, waveguide, stripline or coaxial transmission line. [7] [8] [9] They are basically destructive in nature and required tedious sample preparation conditions. In addition, there is a limitation in the maximum temperature region.
Therefore, this study has implemented a novel resonant cavity measurement and the wave-guide measurement techniques for in-situ measurements of the complex permittivity of low dielectric material at elevated temperatures. Dielectric constant and tangent loss of β-SiAlON and various cations doped α-SiAlON ceramics up to 1200 °C were measured by the perturbation method [10, 11] and up to 800 °C were measured by the wave-guide method.
Experimental Procedure
Commercially available α-Si 3 N 4 (UBE-SN-E10, Ube chemical, Japan, average particle size dielectric constant of β-SiAlON using the waveguide and the perturbation methods at various temperatures. From Fig. 1 , it is evidently observed that β-SiAlON had lower dielectric constant than Si 3 N 4 in the entire temperature range. Dielectric constant of z = 4.0 specimen had higher rate of increase than that of z = 0.5 specimen through both measurements. In addition, dielectric properties of β-SiAlON with different grain sizes were measured to confirm the effect of grain size. Different grain sizes were obtained due to the size difference of starting precursor powders. Dielectric constant and loss had slight difference between fine grain β-SiAlON and coarse grain β-SiAlON. Therefore, it can be concluded that the dielectric properties are independent of its grain size. Dielectric loss of Y, Yb, and Sm doped α-SiAlON was lower than La, Nd doped α-SiAlON, and also even lower than the sintered Si 3 N 4 ceramics. It seems that the electronic polarization effect of the interstitial cation has a relation with the dielectric property of doped α-SiAlON. As a result, it can be concluded that the dielectric constant decreased with increase in the value of CFS. Dielectric loss of Sm, Y, and Yb doped α-SiAlON was almost independent of CFS.
Summary
The β-SiAlON and cations doped α-SiAlON were prepared successfully by a hot-press method. 
